In their Comment on our publication ͓Phys. Rev. B 66, 245317 ͑2002͔͒, Freitas et al. criticize our identification of donor-bound exciton transitions and the analysis of two-electron satellite emission lines. We show that some arguments given in the Comment are in conflict with our time-resolved and magneto-optical data. We present a discussion of the intradonor transition energies and donor chemical shifts to avoid misunderstanding. In their Comment 1 on our publication, 2 Freitas, Moore, and Shanabrook ͑FMS͒ discuss differences between our paper 2 and the paper 3 by Freitas et al. ͑FEA͒. The major difference between our analysis and that of FMS is in the assignment of the bound exciton recombination lines. We have assigned emission lines denoted D 1 0 X, D 2 0 X, and D 3 0 X to excitons bound to oxygen, silicon, and unknown donors, respectively. In contrast, FMS assigned D 1 0 X to an ionized donor (D ϩ X), and the D 2 0 X and D 3 0 X lines to the recombinations of excitons bound to neutral oxygen and silicon donors, respectively.
FMS list six experimental observations that support their identification of the principal D 0 X lines. Let us present our arguments in a corresponding order.
͑1͒ The arguments of FMS concerning the identification of the D 1 0 X A transition rely on the power dependence of the photoluminescence ͑PL͒ spectrum. The conclusion from these results is not obvious. A relative saturation at high excitation power can be characteristic of an exciton bound to an ionized donor (D ϩ X); however, a deeper neutral donorbound exciton, characterized by a longer decay time, can also be saturated at high excitation.
A classical experimental method allowing one to distinguish between neutral and ionized donor-bound excitons is magneto-optics. As shown by Thomas and Hopfield 4 for the wurtzite symmetry semiconductors, D 0 X and D ϩ X complexes in a magnetic field show quite different Zeeman splitting patterns. In particular, for the magnetic field perpendicular to the c axis, a D ϩ X line should show a zero-field splitting, because there is an exchange interaction between the ͑unpaired͒ electron and hole spins. Since the exchange interaction in GaN is in the range of 0.6 -0.9 meV, [5] [6] [7] such an effect should be easily detected. In contrast, for a neutral donor-bound exciton, the two electrons existing in the D 0 X complex form a singlet spin state, and thus no zero-field splitting is expected. This is exactly what we observe experimentally for all D 1 0 X A , D 2 0 X A , and D 3 0 X A emission lines ͑see Fig. 1͒; i.e., they show very similar magnetic field behavior.
This result excludes the identification of the D 1 0 X A line as an ionized donor-bound exciton, as proposed by FEA.
͑2͒ In the Comment, FMS state that infrared studies show that the shallowest neutral donor in their freestanding samples is Si. One should note that in compensated samples, at very low temperatures, the shallowest donor may not be detectable by far infrared absorption. In contrast, the deepest donor (D 1 ) should be visible in the infrared spectra presented in Ref. 8 .
In photoluminescence experiments, one can observe emission from excitons bound to donors that are shallower than those detected by infrared absorption, because such donors can be neutralized by the exciting laser light. A good example of such a dynamical process is the observation of an exciton bound to a neutral acceptor ͑ionized in the darkness͒ which can also be found in the spectrum presented by FEA.
As can be seen in the photoluminescence spectrum, 2 are at least three donors present in freestanding GaN. It is worth noticing that the shallowest donor observable in the PL experiment is not the shallowest uncompensated donor, as is the case for the IR absorption. In fact, PL shows more shallow donors than those observed by IR absorption, since photoexcitation leads also to the occupation of shallow, compensated donors. Thus, one could argue that the deepest donors observed in the IR and PL experiments are the same. This argument would support our identification.
͑3͒, ͑4͒ The intuitive thesis of FMS, that the stronger D 0 X line corresponds to the stronger satellite line, is not always true. Often, there is no one-to-one correspondence between the intensities of the principal transitions and the corresponding two-electron satellite ͑TES͒ lines. A good example of this involves results obtained for homoepitaxial GaN layers, which show several extremely sharp lines ͑full width at half maximum 0.1-0.2 meV͒ in the principal region of the D 0 X recombination; 9,10 nevertheless, the corresponding TES transitions are much less prominent than those observed for freestanding GaN. One can conclude that the intensity ratios between the principal transitions and their TES counterparts are not universal, but are sample and donor dependent.
͑5͒ FEA found that the intensity of the D 3 0 X A line increases in homoepitaxial layers doped with silicon, which in their opinion supports the identification of this line as due to silicon. However, it is also true that stronger n-type doping will increase occupation of the shallowest donor. Thus, their doping experiment does not prove that D 3 0 X A corresponds to the silicon donor.
͑6͒ We agree that the correlation of energies is an important argument in the association of principal transitions with their TESs. However, the intradonor transition energies obtained by us from TES analysis of the oxygen and silicon donors are smaller than the IR absorption energies 8 by only about 1 meV. In such a case, when energy differences between peaks are of the order of 1 meV, the correlation of principal D 0 X transition lines with their two-electron satellites is difficult, not only due to limited spectrometer precision.
Absorption and emission lines often differ in energy. In PL experiments, one does not observe a direct transition of the electron in a donor but instead a recombination of the whole donor-bound exciton system ͑consisting of two electrons and a hole͒. During emission of an ultraviolet photon, one electron and the hole vanish and the second electron relaxes to one of the neutral donor states. In this process, some relaxation energy ͑hopefully less than 1 meV͒ can be lost to the lattice, since the electron wave function in the neutral donor state is more localized than that in the D 0 X complex.
Time-resolved luminescence can be used to correlate D 0 X principal lines with their two-electron satellites, based on the assumption that during the few nanoseconds of observation, the basic properties of the light-emitting centers do not change, so that the ratio of intensities is constant. In other words, the TES recombination curve should be a ''shadow'' of the D 0 X recombination curve. In order to correlate the time dependencies of the principal transitions with TESs, the broad background emission, which could affect the transients of less intense lines, was subtracted. Since the intensities of different TES components depend strongly on temperature, it is crucial to avoid heating of the sample by the exciting laser pulse. In our experiments, the laser excitation power was always chosen such that after the laser pulse the intensity ratio of L1 and L2 lines was constant, which means that the sample temperature was also kept constant ͑see In our time-resolved experiments, we could not clearly resolve D 1 0 X A . However, a more detailed analysis shows that the low-energy wing of the D 2 0 X A line has a long lifetime, similar to the lifetime of the L1 and L2 (O 0 X A :2s and :2p) lines. It is worth noting, that the rise time observed for the L-E wing is longer than that observed for the D 2 0 X A line, and is similar to that of the L1 and L2 lines corresponding to the oxygen donor. 2 On the other hand, the rise time observed for the L4 line is similar to that of the D 2 0 X A line. A two-peak fitting procedure gives curves, plotted in We regret that our presentation of intradonor transitions and donor chemical shifts is misleading for the reader. However, as described in our paper, 2 the data presented in Figs. 7, 8, and 10 give excited state energies measured with respect to the ground state of the D 1 0 X A complex. Thus, in order to take into account that the transitions involving 2p states originate from an excited state of the D 0 X complex, the calculated energies of these states were shifted by approximately 1 meV. This does not mean that we propose some positive chemical shifts for the 2s state of the oxygen donor. We argue that the splitting between the L1 and L2 lines ͑as well as that between the L3b and L4 lines͒ corresponds to a difference between the splitting of the initial recombination state (D 0 X complex͒ and the splitting of the final recombination state ͑between 2p and 2s donor states͒. Taking into account that the splitting between the 2p 0 Ј and 2p 0 transitions ͑shown in Fig. 10 of Ref. 2͒ is about 1.3 meV, and the splitting between the L1 and L2 lines is about 1.0 meV, one obtains a 1s-2s intradonor excitation energy of about 0.3 meV, smaller than the 1s-2p intradonor transition energy. Thus, our interpretation of this issue is not different from that presented by FMS.
We want to stress that the possible existence of chemical shifts of the donor states toward the conduction band was discussed but rejected in our paper. 2 Thus the statement of FMS concerning this point seems to result from a misunderstanding of our data presentation.
In summary, we would like to stress that, in spite of the fact that the assignment given by FMS results in good agreement between 1s-2p intradonor energies measured by photoluminescence and far infrared spectroscopy, the arguments given by FMS are in conflict with our magneto-optical data as well as with the results of time-resolved spectroscopy. We disagree that D 1 0 X is D ϩ X. We cannot exclude the possibility that the recombination energies of excitons bound to both oxygen and silicon donors comprise the D 2 0 X line. 
